Abstract Throughout the Cold War, the US Navy aggressively explored the sound-making and sound-detecting capacities of cetaceans to help it retain its supremacy in marine battle space. Whales, dolphins, and porpoises were engaged as animals that "see with sound," that produce sophisticated echolocation "clicks," and that harness the ocean's complex acoustic waveguide to detect signals thousands of miles away. Other scholars have touched on the navy's legacy in cetology (whale science), but none have made it their object of study.
Introduction

S
ince the early 1990s, the beached bodies of whales and dolphins have generated a trail of controversy around the US Navy's use of high-intensity sonar.
1 Autopsies on the animals revealed hemorrhaging in the brain, inner ears, and "acoustic" fats. Growing evidence of sonar's violent effects would lead environmentalists to call for a shuttering of navy projects. The ensuing lawsuits between the navy and the National Resources Defense Council (NRDC) suggest institutional tensions in increasingly ensonified ocean space.
2 It is easy to suppose that the navy simply sees the ocean as one thing, and conservation-oriented cetology sees it as another. But such a distinction would
We hope to add to recent scholarship interrogating the dramatic expansion of the earth sciences during the Cold War. There is an abundance of work at the intersection of naval policy and oceanography, and our stories of Cold War cetology reveal new moments within this ambit. 8 Scholars have observed the sense of scale and urgency with which the navy sought to understand currents, seaquakes, and various other features of the ocean environment. 9 Much of what became known about the sonic capacities of cetaceans was, like these efforts, tethered to aspirations to master subsurface space for the purposes of submarine movement. Support for our claims comes from various textual sources and also from anecdotal remarks drawn from twenty-five interviews conducted with cetologists in Canada and the United States. At stake in our account, then, is not only a set of power-laden ways of engaging marine mammals during the Cold War but a contribution to understanding the momentous shift that took place in scientific conceptions of the ocean itself-"from the ocean as deep, dark, vast, and . . . not terribly important . . . to the ocean as a vast abode of life, both familiar and strange, and a place on which all life, both marine and terrestrial, depends."
10
The Cold War engagement we trace here continues to inform the present claims of cetology. But the military's presence in the history of cetology is not as overdetermining as some theoretical approaches would have us believe-those extended by Friedrich
Kittler and Paul Virilio, for instance. 11 As Melody Jue suggests, the ocean medium "changes the conditions of knowledge production." 12 Committed though they might be to military goals, US Navy scientists were often stymied by the challenges of their research environment. What later cetologists celebrated as "whale song," naval listeners noted as "communications as yet indecipherable." 13 Improvements in tools to detect ocean signals often produced new forms of incomprehension. In grateful acknowledgment of Donna Haraway's work on primatology, our findings reveal power and influence but also contingency and possibility in cetology's evolving forms of animal encounter.
14
Military Cetology in Context
For much of its history, cetology revolved around the possibilities of carcass analysis.
Whale research frequently took place on factory ships where whale bodies were dumped and disassembled for industrial purposes. 
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The wealth and range of research defining military cetology's postwar period cannot be reduced to singular directives. And yet underlying consistencies do appear. As with the primatology studied by Haraway, a "loving attention to strategic possibilities and the cost-benefit analysis of everything" characterizes various aspects of naval cetacean research. 38 In the following sections, we analyze this research in terms of three sonic tropes. These tropes, which comprise the fundaments of cetology's acoustemology, can be summarized in the following terms: noise and signals, pings and echoes, and passive acoustic monitoring (PAM). What unites these concepts is a contribution to the idea that the acoustic lives of whales can be abstracted, mechanized, and to some extent automated in the submarine warfare apparatus. 
Ritts and Shiga / Military Cetology
From Noise: Interference and Cetology
As Naomi Oreskes observes, "the stuff of science itself-the materials of the natural world that natural science aims to understand-in many ways continues to elude us."
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In this section, we suggest that early naval encounters with underwater noise encouraged the navy's interests in cetology. Bringing noise into an acoustemological register also offers a means of responding to Oreskes's concern. It draws our attention to the US Navy's recursive responding to a constant feature of the marine environment. The most common refrain in the early accounts of naval acousticians was the pronouncement of "noise" as the experiential result of ocean listening. What noise meant to US Navy researchers during the Second World War tells us a lot about why future cetological worlds emerged as they did. We can start by noting the persistent concern with "degraded" or "impure" signals that characterized the early listening accounts.
For the US Navy, listening to the precise features of a submarine-gears and blowers, shaft and blade speeds, engine explosion rates, and cavitation speeds-could reveal The high value listeners placed on sound fidelity, articulated consistently in discussions of noise, thus expressed a desire to "capture the world" for tactical intervention. 42 New techniques of visualizing noise greatly aided these efforts. Future cetologists would follow naval scientists in relying on such "sonograms" or "spectrograms"-graphic displays of sonic information-to reveal details about the frequency and intensity structure of whale sounds.
43
Noise became an important spur for new naval research, but the problems it posed persisted. According to underwater acoustics theory, the speed and range of underwater sound transmissions could be harnessed to spatially extend human auditory perception. But in practice, the many sources of sound in the ocean environment, combined with mediating effects of the ocean floor and surface and the temperature, turbulence, and other variables of the water itself, meant that seemingly random sounds (noise) tended to predominate over patterned ones (signals). Thus, in addition to inventorying the sounds of the sea, naval bioacousticians endeavored to manage noise by rendering noise itself as something predictable and calculable. By parsing different noises in terms of "wave equations," noise became signal. As signal, it conveyed the 39. Oreskes, "Scaling Up Our Vision," 380. were noise insofar as they impeded the detection and identification of mechanically generated sounds. Biological noises persistently challenged US Navy classification schemes. "It is often difficult to know which animal is responsible for which sound,"
William Schevill and Barbara Lawrence noted, "especially in the case of the larger and more active ones." 49 For instance, research on the white porpoise, whose "loquaciousness" was comparable to "such chatterboxes as monkeys and men," was frequently interrupted by the noise of fish "biting and pulling at the hydrophone."
50
In the early period of the Cold War, "biologics" were curiosities at best, fatal diver- (1962) . 55 Early researchers became especially expert at partitioning killer whale sounds into distinct subsets ("clicks," "shrieks," and "screams").
56
Through its acoustemological efforts, the US Navy slowly generated a new understanding of ocean space. By combining Newtonian wave equations with new understandings of underwater space, the ocean could be attended to in terms of horizontal "stacks" defined by the distinct sound-propagation pathways they inscribed. John Shiga has called this process the "channelization of the ocean" and notes how naval uptakes of channel metaphors (e.g., canals, transmission lines) revealed abiding interests in information processing in complex local environmental conditions. 57 Channels were spatial-acoustic achievements that presented different experiences of noise and signal (e.g., biological noise into killer whale signal). As their summation, the ocean was thus a composite acoustic experience "rich in frequency diversity, temporal variability, and directionality."
58
The US Navy's engagements with biological noise were a key site for cetology's production of measurable cetacean signals. The navy understood noise as an informational problem, not a biophysical threat. But cetology came to understand noise in both senses. Cetaceans, first studied by navy listeners through sound, became reflexively engaged as animals susceptible to too much sound (e.g., in terms of received intensity).
Now whales-not submarine operators-could lose the ability to decode "information"
in a "noisy" environment. to substantiate evidence that dolphins could direct or "beam" their echolocation transmissions), the range of efforts to rationalize cetacean clicks is considerable.
64
To understand these clicks as acoustemology, we must connect the experience of short, percussive, refracting sounds (clicks) to the objectives of naval researchers. Listening to cetacean clicks, researchers were enticed by an apparent "directional character," by the manner in which clicks could propagate as "beams" that revealed "focus"
and "aim." 65 One study found that "short pulse length and high (ultrasonic) frequency" produced "the finest resolution and identification of targets." 66 Another pointed to the value of "long range" clicks, wherein lower-frequency clicks afforded the longer-distance travel of signals through seawater. Naval cetacean research came to grasp clicks in terms of species-specific "detection thresholds"-for example, hearing sensitivities or ability to discriminate between sounds varying in frequency. its echolocation research, the navy coded questions of how cetaceans listen into exercises in functionality: for example, "What is that sound for?" "What does the whale do with it?" Cetaceans' ability to sonically determine "prey" appeared stunningly comparable to navy efforts to identify Soviet submarines.
Listening to echolocation marked an evolution in the acoustemology of naval cetacean research. It elevated the significance of cetacean sound production and enriched the analogy between cetacean bodies and submarines. Consider, for illustration, the experience of "ping"-an acoustic artefact produced by sonar operators in their hunt for enemy ships. Sounds were "pings" when reflected back to their search vessels after hitting the desired object. Sonar operators were often called "ping men" in reference to these acoustic encounters. But echolocative cetacean clicks, researchers discovered, could sound like pings too. When researchers came to expound upon echolocation, pings and clicks both became understood as isolable sound events able to penetrate water with projectile-like accuracy. Naval listeners had to condition themselves to various forms of pinging and clicking activity, as various underwater objects now appeared capable of echolocative activity. It was common naval practice to attach acoustic sensors, or "pingers," to waterborne objects. 76 Such experiences inspired Spong's commitment to "research without interference"-an idea we explore in the article's final section.
77
Throughout the 1970s, the legacies of naval echolocation research found audiences across a range of environmentalisms. John Sutphen's inference that echolocation's sound waves conveyed to their receiver the interior emotional state of their sender-an idea that followed from naval speculation about dolphin "telekinesis"-is exemplary of how naval discourses could be translated to support new valorizations of cetacean sound. 78 Environmentalist engagements with echolocation thus mark a further shift in the acoustemological formation in question. They suggest how new social desires could affix themselves to the rich engagement of cetaceans and naval research. 
Ritts and Shiga / Military Cetology
Passive Acoustic Monitoring
The third acoustemological trope we consider here is not a sound object but a modality of listening. PAM follows in the long line of naval techniques aimed at making the ocean record itself. 79 For naval researchers, the virtue of "passive" surveillance was its ability to acoustically identify objects while preventing identifying sound from moving in the opposite direction-that is, from listener to "object." New international discussion about extension of state control over continental shelves in the 1970s, including at the United Nations Convention on the Law of the Sea (1973-82) , empowered states to assert control over marine spaces hundreds of nautical miles from shore. A technological means of facilitating marine spatial mastery, Navy PAM research heralded these political developments by mooring dozens of hydrophones off the US Pacific and Atlantic coasts. 80 PAM allowed the navy to erect barriers against submarine infiltration across vast undersea spaces. As Weir argues, the US Navy's PAM-related surveillance infrastructure, SOSUS, effectively "made it impossible for the Soviets to sortie a submarine anywhere in the world without detection." PAM was itself a highly logistical process. Hydrophones had to be attached to speakers, preamps, and radio transmitters and then moved around in difficult environmental conditions. Cables had to be carefully repositioned to properly relay sounds to listeners who were often in remote locations. Multiple hydrophone arrays were used to "triangulate" (localize) incoming signals via differences in intensity or sound-arrival time. As an identifiable acoustemological trope, PAM encouraged new attention to the overall legibility of the sound environment under varying conditions. This demanded 
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Cetaceans enter this picture as agents whose "detectability" serves to augment navy PAM efforts. Cetology's uptake of PAM followed in turn by using it to track and pursue cetaceans-fin whales moving through the western northwest Atlantic 85 or grey-whale sounds in the mid-Pacific. 86 Cetologists also followed the US Navy in using triangulation to locate these animals. 
Conclusion
Given the affordances of underwater acoustics for the study of marine space (noted at this article's outset), it is not surprising that US naval research would leave a deep impression in cetological research. Contemporary cetology features many research tools at its disposal besides acoustic ones-such as genetic sampling and radio tagging.
Inquiries into the military origins of these tools-as have been commenced by the likes of Naomi Oreskes and Etienne Benson-are both necessary and beyond the ambit of this project. Here, we simply wish to assert that to the extent that cetacean research (and cetacean bioacoustics in particular) came to inspire the US Navy, acoustics was part of a system of "total war" that included other modalities of sense perception and the resourcing of other geo-environmental processes. 94. Ibid., 7. As Hamblin points out, the US Navy was also interested in generating artificial tsunamis, inducing sudden rises in sea levels (to destroy coastal cities), and in contaminating water supplies with radioactive material.
95. Whitehead and Weilgart, "Scientific Correspondence." Peters is saying that the embodied realties of seeing and listening cannot be translated across species, as they describe different acoustemological projects. We nevertheless have more reason than ever to take seriously these species sensory differences. "The post-World War II threat is not decay," Haraway notes, "but the failure of communication, the malfunction of stressed systems." 99 In a world of rising marine risks-ocean noise, piracy, acidification, and melting icecaps-the promises of connection that attend the history of cetology are more necessary and more perplexing than ever before.
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